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Abstract 
Korean two-lane highways take charge of a function to connect arterial roads with major national roads and 
provide efficient mobility. However, the number of work zones for road construction and expansion is constantly 
increasing owing to increment of traffic volume. Therefore the number of maintenance projects is also growing to 
meet the increased need for road maintenance. All projects that require full or partial closure of a two-lane highway 
create safety problems, because of two-way delays and poor traffic control, especially at night. Flagging is typically 
used to control traffic in work zones on two-lane highways by closing one lane and alternating traffic movements. 
Generally, there is a flagger or Time of Day (hereinafter TOD ) control and a one- or two-way delay occurs. Poor 
safety control in work zones can result in a serious accident if a driver has poor visibility. In this study, to diminish 
these problems, some alternative traffic control systems are indicated such as actuated signal control with fixed all 
red (hereinafter AFAR ) and actuated signal control with dynamic all red (hereinafter ADAR ). And the comparison 
with each traffic control methods is analyzed focused on average control delay and the number of conflicts which 
take into account various situations as the length of work zone and traffic volume. The signal control methods under 
investigation were TOD, AFAR, and ADAR. The average control delay per vehicle was used to evaluate the 
effectiveness of each method, and work zone conflict was used to evaluate safety. ADAR was found to be the most 
efficient signal control method under most conditions examined, in terms of safety and mobility in work zones on 
two-lane highways. 
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1. Introduction 
The average running speed of two-lane highways in rural areas is lower than 60 km/h. Sight distance 
and roadside conditions are poor and passing sections are few. In particular, tight cross sections require 
closing one lane and making traffic pass alternately. This can lead to traffic jams and accidents. These 
problems occur not only for two-lane highways but also for larger highways with lane closures. 
Traffic is controlled by flaggers in most work zones; however, it is based on the flagger's experience 
rather than on engineering. If the flagger is inexperienced or the work zone size is variable, appropriate 
traffic flow control cannot be done, which frequently causes traffic jams. In addition, traffic control by 
flagging is inadequate under night visibility conditions, which causes accidents in the work zone. 
In Korea, traffic flow control is handled with pre-timed signal control (TOD), but this is done without 
any knowledge of the characteristics of each work zone (traffic volume, length of work zone, etc.). As a 
result, traffic congestion occurs. 
This study compares and analyzes AFAR based on traffic volume change and pre-TOD and pre-AFAR 
signal control methods. It also investigates the safety of work zones with various control methods.  
2. Literature reviews 
2.1. Previous studies 
Finley et al. (2008) studied how to improve the management of regulatory speed limits in Texas work 
zones. Their results showed that drivers drive at a speed that is10% higher than the speed limit. Drivers 
reduce their speed when they see a speed limit sign, but they still drive at a higher speed than the speed 
limit. Therefore, a more efficient actuated system is needed to slow drivers down. 
Various measures to reduce speed in work zones were evaluated by Iowa DOT (2000). In particular, 
effects of speed reduction were evaluated by setting up equipment in construction sections. A crackdown 
against speeders was found to be the most efficient way to slow down the speed, followed by changeable 
message signs (hereinafter CMSs), speed limit regulation signs, speed limit advice signs, and running 
speed indicators. The crackdown against speeders was disadvantageous in terms of cost and effect; 
however. As a result, speed regulation by the approach of combining CMS and current speed indicators is 
preferred. 
The Minnesota DOT (2008) has developed intelligent work zone (hereinafter IWZ) Toolbox, which 
contains guidelines for selecting IWZ systems. These systems can easily sense and display the speed of a 
car approaching the construction section and warn drivers by using variable message signs (hereinafter 
VMS). Systems included in this toolbox include travel time information, speed advisory information, 
congestion advisory, stopped traffic advisory, dynamic merging, traffic-responsive temporary signals, and 
temporary ramp metering. Messages can be selected and used according to the type and location of 
construction sections. 
The effectiveness of automated information systems in work zones was evaluated by Lianyu et al. 
(2005). Their paper described a study evaluating the effectiveness of an automated work zone information 
system (hereinafter AWIS) called CHIPS, which was deployed in a work zone site on the I-5 freeway 
near Santa Clarita, California. Three aspects of effectiveness were studied: traffic diversion, safety effects, 
and responses from travellers. The results of these studies showed that the following: 
x Obvious diversion was observed on two evaluation dates because travel time along the diversion route  
was shorter than for the freeway mainline during traffic congestion. 
x The driving environment seemed safer after the use of the AWIS. 
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x Positive responses about the system were obtained from driver surveys. Most survey respondents  
thought that the system was useful for dispensing information, providing alternate routes, and avoiding 
delays.  
2.2. Traffic signal control on work zone 
Pre-timed signal control (TOD) consists of several parameters to achieve efficient operation in the 
case where traffic volumes and patterns are consistent on a daily or day-of-week basis. These parameters 
are green, yellow, and red intervals that result in a deterministic phase sequence and fixed cycle length for 
the intersection. To accomplish efficacious control of the intersection, the operation parameters should be 
updated periodically using field data. 
Actuated signal control with fixed all red (AFAR) refers to intersections for which all phases are 
actuated, and it requires a detection system for all traffic movements. However, the yellow and red 
intervals are fixed. Therefore, AFAR should be achieved by suitable all-red intervals that ensure 
clearance of the work zone. AFAR has several advantages. First, it reduces delays relative to pre-timed 
control by being highly responsive to traffic demand and to changes in the traffic pattern. In addition, 
detection information permits efficient allocation of the cycle time on a cycle-by-cycle basis. Finally, it 
allows phases to be skipped if there is no call for service, thereby allowing the controller to reallocate the 
unused time to a subsequent phase. 
Actuated signal control with dynamic all red (ADAR) performs the functions of initial green interval 
and extended green interval, similar to that for AFAR. However, unnecessary all-red time can be cut 
down by replacing fixed all-red time with dynamic all-red time under consideration of length of the work 
zone and traffic volume. It therefore has the advantage of reducing traffic jams and increasing pass safety 
in work zones.  
3. Approach 
3.1. Simulation package and measure of effectiveness 
Micro-simulation, VISSIM, Paramics, CORISM and so forth, is able to verify the effectiveness of 
various new signal control methods by using application programming interface. However, on this study, 
VISSIM was applied to analyze signal control methods due to it is more simple for the output of VISSIM 
to connect SSAM and embody new signal control algorithms than other simulation packages. In addition, 
we used VisVAP of VISSIM for algorithm embodiment and Synchro 4.0 for TOD signal optimization. 
Finally, we used SSAM2.1.6 (a surrogate safety assessment model) developed by FHWA to analyze 
traffic safety. The average control delay per vehicle was used to estimate the effectiveness of each 
scenario, and work zone conflict was used to evaluate safety.  
3.2. Scenarios  
Scenarios were based on work zone length, hourly traffic volume, and form of signal control. The 
work zone length was set to 200 m and 400 m, and the hourly traffic volume was set considering traffic 
volume at commuting time as shown figure 5. We obtained average values for each scenario by repeating 
the simulation 10 times. Scenario 1 and 2 were basic signal control system substituted for flagging in 
work zone. And scenario 3 and 4 represented AFAR which are operated on general isolated signal 
intersection. All red time from scenario 1 to scenario 4 were calculated considering the passing time and 
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queue clearance time of work zone. Finally, scenario 5 and 6 were described ADAR which has flexible all 
red time not to waste unnecessary delay. 
Table 1. Contents of Scenario 
Signal Control 
Work Zone Length (m) 
Remark 
200 400 
TOD Scenario 1 Scenario 2 
- HV Ratio (%): 10 
- Traffic Volume (veh/h/l): Fig.1 
AFAR Scenario 3 Scenario 4 
- HV Ratio (%) : 10 
- Traffic Volume (veh/h/l) : Fig.1 
ADAR Scenario 5 Scenario 6 
- HV Ratio (%) : 10 
- Traffic Volume (veh/h/l) : Fig.1 
Fig. 1. Fluctuation of Traffic Volume on Simulations 
Fig. 2. Flowchart of actuated signal control with dynamic all red (ADAR) algorithm
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Fig. 3. Schematic of various methods for traffic signal control 
3.3. ADAR algorithm 
The basic function of ADAR is the same as that of actuated signal control. However, we used dynamic 
all-red time to achieve safety of alternate passing based on characteristics of the work zone. This method 
extends all-red time to minimize conflicts between cars going in opposite directions when vehicles are in 
the work zone. Fig. 2 shows a flowchart of the ADAR algorithm.  
The differences between TOD, AFAR, and ADAR are shown in Fig. 3. TOD has fixed green, yellow, 
and all-red intervals, but pre-actuated signal control has a variable green interval depending on traffic 
demand. In this case, the efficiency of intersection operations can be improved by assigning an 
appropriate display time; however, the length of the green interval is limited by the fixed all-red time. 
Nevertheless, if ADAR is allocated enough all-red time to handle the traffic demand in the work zone, it 
is possible to further optimize time.  
4. Results 
4.1. Average control delay (work zone length 200 m) 
Fig. 4 shows the average control delay per vehicle as obtained by the signal operating method in the 
case of a 200-m work zone length. For eastbound vehicle delays, ADAR decreased by a maximum of 29 s 
and a minimum of 7 s as compared to TOD and AFAR. For westbound vehicle delays, ADAR decreased 
by a maximum of 48 s and a minimum of 17 s as compared to TOD, and by about 17–18 s as compared to 
AFAR. 
ADAR decreased by a minimum of 16 s or more in cross-section average control delay per vehicle 
compared to other control methods. This is due to a reduction in unnecessary all-red time and an 
extension of demand display.  
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Fig. 4. Average control delay (work zone length 200 m) 
Fig. 5. Intersection control delay (work zone length 200 m) 
4.2. Average control delay (work zone length 400 m) 
Fig. 6 shows the average control delay per vehicle as obtained by the signal operating method in the 
case of a 400-m work zone length. Vehicle delays for eastbound and westbound traffic are distributed 
widely, from 100 s to 712 s, according to the traffic volume, regardless of the signal control method. It is 
useless to compare delay by intersection service level, which is shown in Fig. 7. However, upon 
comparison of delays according to the control method with the aim of determining an appropriate signal 
operating method, we find that ADAR has less deviation than the others and can be operated stably. 
Fig. 6. Average control delay (work zone length 400 m) 
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Fig. 7. Intersection control delay (work zone length 400 m) 
Table 2. Signal Timing 
WZ Length 
(meter) 
Signal
Control 
Phase 1 (sec) Phase 2 (sec) Cycle 
(sec) G Y AR G Y AR 
200 
TOD 42 3 30 42 3 30 150 
AFAR 16.6 3 30 19.9 3 30 105.5 
ADAR 12.8 3 16.4 19.5 3 23.1 77.8 
400 
TOD 42 3 75 42 3 75 240 
AFAR 28.4 3 75 30.8 3 75 215.2 
ADAR 27.6 3 31 30.8 3 24.1 129.5 
ADAR decreased by a minimum of 16 s or more in cross-section average control delay per vehicle 
compared to other control methods. This is due to a reduction in unnecessary all-red time and an 
extension of demand display.  
4.3. Signal timing 
The average value of signal timing for TOD, AFAR, and ADAR is shown in Table 2. In the case of the 
200-m work zone length, the green interval and all-red time of ADAR are shorter than those for the other 
control methods. This is explained by the result of the control delay analysis that showed ADAR as 
having the least delay. In the case of the 400-m work zone length as well, the ADAR signal timing is 
short and the deviation occurs at the beginning of 50% compared to optimized TOD. Although ADAR 
has the disadvantage of causing additional vehicle delays owing to frequent period changes and lost 
startup times, it nevertheless has a similar delay result to that of other control methods.  
4.4. Conflict analysis for work zone 
We used the SSAM 2.1.6 model (developed by FHWA) to analyze traffic safety and used work zone 
conflict as a basis for this analysis. We exported a trajectory file from VISSIM and calculated the work 
zone conflict using SSAM2.1.6.  
The conflict types for calculating work zone conflict consist of rear end, lane change, and crossing 
movement conflicts. The type is estimated on the basis of the absolute value of the conflict angle as 
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follows. The type is classified as a rear-end conflict if ||conflict angle|| < rear-end angle; a crossing 
conflict if ||conflict angle|| > crossing angle; and a lane-changing conflict in other cases. The rear-end 
angle and crossing angle are user-configurable parameters on the Configuration tab. By default, the value 
of the rear-end angle is 30° and the value of the crossing angle is 85°.  
Our analysis showed that ADAR has less conflict than other signal control methods. In particular, in 
the case of a 200-m work zone length, ADAR has no conflict. In addition, ADAR has no crossing conflict, 
so it has a lower probability of occurrence of a major accident. Results of the conflict analysis are 
presented in Table 3.   
Table 3. The Number of Conflicts on Work Zone 
WZ 
Length 
Signal
Control 
Crossing 
Angle
Rear-End 
Angle
Lane Change Total 
200 m TOD 25 0 0 25 
200 m AFAR 14 0 0 14 
200 m ADAR 0 0 0 0 
400 m TOD 16 2 0 18 
400 m AFAR 14 5 0 19 
400 m ADAR 0 4 0 4 
5. Discussions 
Our research investigated the dependence of average control delay and conflict on signal control 
methods for a two-lane highway, taking into account work zone length and traffic volume change. Three 
signal control methods (TOD, AFAR, and ADAR) were investigated. The average control delay per 
vehicle was used to evaluate the effectiveness of each method, and work zone conflict was used to 
evaluate safety.  
Our results showed that ADAR was superior to both AFAR and TOD in terms of delay, except under 
certain traffic volume conditions in a 400 m work zone. In addition, ADAR had no crossing conflict, 
which makes it safer than the other methods. The reason for the favorable results for ADAR is that it 
changed its display more promptly than AFAR and TOD did, and it reduced delays by use of dynamic all-
red time. 
Regardless of the control method used, the average control delay per vehicle exceeded 100 s in a 400 
m work zone. Therefore, if there is a need for alternating passes with a closed lane in a two-way, two-lane 
highway carrying more than 500 vehicle per hour, it is advisable to construct a temporary bypass to 
reduce delays and increase traffic safety. 
This study analyzed 200-m and 400-m work zone lengths, but more detailed analysis is needed on 
other work zone lengths, as well as levels of traffic volume. Future analyses should calculate an optimum 
work zone length and signal control method, as well as establish a standard as to when bypass 
construction is needed in a two-lane highway work zone. 
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